Correlates of subjectively and objectively measured physical activity in young adolescents  by Kavanaugh, Kelly et al.
HOSTED BY Available online at www.sciencedirect.comScienceDirect
Journal of Sport and Health Science 4 (2015) 222e227
www.jshs.org.cnOriginal article
Correlates of subjectively and objectively measured physical activity in
young adolescents
Kelly Kavanaugh a, Justin B. Moore a,b,*, Leisha Johnson Hibbett c, Andrew T. Kaczynski b
aOffice of Practice and Community Engagement, University of South Carolina, Columbia, SC 29208, USA
bDepartment of Health Promotion, Education, and Behavior, University of South Carolina, Columbia, SC 29208, USA
cCoastal Community Action, Newport, NC 28570, USA
Received 28 August 2013; revised 13 November 2013; accepted 3 March 2014
Available online 11 July 2014AbstractBackground: Many studies examining individual-level correlates in youth utilize self-report rather than objective measures of physical activity
(PA). This utilization of self-report may result in associations that are not present when examining objectively measured PA. The present study
investigates the relationship between hypothesized correlates of PA with objectively and subjectively measured PA.
Methods: Participating children (n ¼ 232, 101 males, mean age ¼ 12.3 years) provided a minimum of four monitored days of PA (via
accelerometer) and completed a survey assessing moderate-to-vigorous physical activity (MVPA), sport competence, appearance, enjoyment,
and self-efficacy. Height and weight were measured and body mass index (BMI) was calculated.
Results: Hierarchical regression models controlling for sex, race, and BMI Z-score showed that only sex and BMI Z-score were significant
correlates of objective MVPA while only sex was a significant correlate of objective total PA. However, in a separate model examining the
relationship with subjective MVPA, enjoyment of PA and self-efficacy for PA were the only significant correlates of self-reported PA.
Conclusion: Measuring MVPA via self-report versus accelerometry produces considerably different results in a sample of young adolescents.
Future studies should use caution when selecting outcome measures if the intent is to identify modifiable correlates of MVPA in youth.
Copyright  2014, Shanghai University of Sport. Production and hosting by Elsevier B.V. All rights reserved.
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Current research indicates that most children are not
meeting the recommended 60 min of moderate-to-vigorous
physical activity (MVPA) per day,1 and physical activity
(PA) levels have shown to decrease with age.2 In hopes of
discovering modifiable targets for intervention, many studies
have been conducted to identify correlates of PA in youth.
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http://dx.doi.org/10.1016/j.jshs.2014.03.015report measures of PA,3,4 which are often not well vali-
dated.5 Self-report measures are susceptible to biases related
to social desirability, which have been shown to be of partic-
ular concern in school-aged children.6 With the lack of vali-
dated measures being used, along with the significant amount
of self-report taking place, correlates related to objective
MVPA are not well understood.
A number of correlates related to PA in youth have been
previously identified. The first is perceived sport competence,
which achievement goal theory indicates is a behavioral
determinant,7 and has shown to have a bi-directional rela-
tionship with PA. Another is PA enjoyment, which studies
suggest is the most salient predictor of PA levels in youth.8,9
The third correlate is self-efficacy for PA, which is derivedProduction and hosting by Elsevier B.V. All rights reserved.
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SCT identifies self-efficacy as a behavioral construct that
largely influences an individual’s ability to control their
motivation, the literature indicates mixed outcomes with
relation to PA.3,4 Sallis et al.3 showed indeterminate associa-
tions, while a more recent review by van der Horst et al.4
indicated that self-efficacy was positively correlated to PA in
adolescents. The fourth correlate is perceived appearance,
which is how a person views his or her own body composition
and personal aesthetics. Crocker et al.11 found this variable is
significantly and moderately correlated with PA in Canadian
school children (aged 10e14 years); however, studies sug-
gested that the relationship between perceived appearance and
youth PA is still unclear.4 A combination of these correlates
has been previously studied in regard to both objectively
measured total PA and MVPA by Fisher et al.,12 yet that study
employed a younger sample (aged 7e9 years) and did not
compare their results to subjective measures. For both total PA
and MVPA, the findings suggested there were no significant
psychosocial correlations for girls and only a significant as-
sociation for self-efficacy in boys.12 Research has shown that
attitudes toward physical education (PE) become more nega-
tive with age in youth (aged 10e14 years),13 but it is unclear
as to whether the same trend is generalizable to PA more
broadly. Therefore, it would be valuable to examine how these
four correlates might differ in older youth, how they are
associated with MVPA in this age group, and how any such
relationships may differ depending on the way PA is
measured. Thus, the present study seeks to investigate the
relationship between self-perceptional variables and MVPA in
older youth, highlighting the importance of using both
objective and subjective MVPA measures within the same
population.
2. Materials and methods
Descriptive statistics for the participants (mean  SD).
Boy (n ¼ 101) Girl (n ¼ 131)2.1. Participant information
Age (year) 12.47  1.13 12.13  1.00
Racea
Black 45 (45) 69 (53)
White 31 (31) 38 (29)
Other race 25 (24) 24 (18)
BMI 21.82  4.70 22.83  5.97
BMI Z-score 0.85  0.96 0.91  1.02
Minutes of MVPA/dayb 40.10  19.14 22.91  12.79
Minutes of total PA/dayb 316.81  78.09 291.53  68.46
Subjective MVPAc 3.01  0.64 2.80  0.62
Sport competence
(range 1.33e4.00)
2.96  0.59 2.73  0.62
Appearance
(range 1.00e4.00)
2.94  0.69 2.82  0.73
PA enjoyment
(range 1.94e5.00)
4.28  0.50 4.10  0.53
PA self-efficacy
(range 1.00e5.00)
3.44  0.84 3.49  0.81
a perimeters presented as n (%);
b measured by accelerometer;
c measured by physical activity questionnaire for older children.
Abbreviations: BMI ¼ body mass index; MVPA ¼ moderate-to-vigorous
physical activity; PA ¼ physical activity.A total of 232 students (101 boys and 131 girls) completed
the questionnaires, did not indicate that they were sick in the
previous week, and provided a minimum of 4 days of accel-
erometry data (53%). Participants from three middle schools,
located in eastern North Carolina were recruited to participate
in a study examining PA in rural and urban youth.14 Institu-
tional review board (IRB) approval was granted and children
enrolled in PE, health, or elective courses during either the
2006e2007 or 2007e2008 school years were asked to
participate. Research assistants presented the study, its pur-
pose, and incentives (a combination of monogrammed school
uniform clothing) to children during classroom hours. Inter-
ested participants received parental consent forms to take
home and return. In total, approximately 1773 students were
eligible and 481 received parental consent. Of these, 441 were
present for data collection and assented to participate (25%).
Participants were not significantly different in terms of sex or
age from the student population, but were more likely to be
African-American (57% African-American in studentpopulation vs. 49% in the sample). Participants were pulled
out in small groups from their respective classrooms during
school hours to complete a questionnaire and an anthropo-
metric assessment. Students who indicated that something
prevented them from doing normal activities in the past week
on the questionnaire were excluded from the study. Baseline
descriptive statistics for participants are shown in Table 1.2.2. InstrumentsThe self-perception profile for children (SPPC) is a 36-
item, 5-scale instrument used to measure factors related to
self-esteem, including scholastic competence, sport compe-
tence, physical appearance, social acceptance, and behavioral
conduct, as well as a 6th-subscale for global self-worth.15,16
Each question pairs two items with polar opposite de-
scriptions (e.g., “Some kids wish their body was different” but
“Other kids like their body the way it is”). Children are asked
to self-identify the statement that best describes them, and
then choose if this is “really true” or “sort of true” for them.
Items are scored on a 4-point scale, with higher scores indi-
cating a more positive view of oneself. The current study used
the sport competence (14 items; e.g., “Some kids do very well
at all kinds of sports”) and appearance (22 items; e.g., “Some
kids are happy with the way they look”) subscales of the SPPC
to assess youth’s self-perceptions of their athletic abilities and
physical appearance, respectively. The SPPC scales have
demonstrated good internal consistency (coefficient
a ¼ 0.73e0.81) and test-retest reliability (all intraclass cor-
relation coefficients 0.84) in youth aged 8e14 years.16 The
athletic competence and appearance subscales also demon-
strated acceptable internal consistencies in the present study
(coefficient a ¼ 0.81, a ¼ 0.86, respectively).
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activity enjoyment scale (PACES), which consists of 16 bi-
polar statements that include the stem “When I am physi-
cally active .” and end in statements regarding affective re-
sponses (e.g., “When I am physically active I enjoy it”; “When
I am physically active I feel bored”). Responses are based on a
5-point Likert scale (1 ¼ “Disagree a lot” to 5 ¼ “Agree a
lot”). In previous studies using adolescents aged 12e16 years,
PACES has shown to have high internal consistency (coeffi-
cient a ¼ 0.90) and moderate-to-high itemetotal correlations
(r ¼ 0.38e0.76).17 Similar findings have also been found in
younger children (aged 8e10 years) of various races.18 The
PACES demonstrated acceptable internal consistency in the
present study (coefficient a ¼ 0.86).
Self-efficacy for PA was measured through five items
regarding a child’s confidence in their ability to overcome his
or her barriers to PA (e.g., “How sure are you that you can get
up early, even on weekends, to exercise?”). A 5-point Likert
Scale was used, with answers ranging from “I’m sure I
can’t” ¼ 1 to “I’m sure I can” ¼ 5. This scale has been used in
a previous study of elementary school children, demonstrating
good internal consistency (coefficient a ¼ 0.85) and a 1-week
test-retest reliability of r ¼ 0.89.19 The self-efficacy scale
demonstrated acceptable internal consistency in the present
study (coefficient a ¼ 0.72).
The physical activity questionnaire for older children
(PAQ-C)20 was used to assess subjective MVPA. PAQ-C is a
self-administered 7-day PA recall designed for youth aged
9e15 years. It consists of nine items starting with a PA
checklist of how often the listed activities were performed in
the last 7 days (“no”, “1e2”, “3e4”, “5e6”, “7 or more
times”), followed by eight questions asking about the level of
intensity and amount of days youths were active during PE,
lunchtime, after school, evenings, weekend, and during an
average week (e.g., “In the last 7 days, during your PE classes,
how often were you active (playing hard, running, jumping,
throwing)”). Each PAQ-C question has five choices (e.g., “I
don’t do PE”, “hardly ever”, “sometimes”, “quite often”,
“always”), converting into a 5-point Likert scale, with higher
scores indicating higher PA levels. Previous studies have
indicated good test-retest reliability, internal consistency (co-
efficient a ¼ 0.79e0.89),20 and validity when compared to
accelerometry (r ¼ 0.47 for total PA and r ¼ 0.49 for
MVPA).21 The final question asks if anything prevented the
individual from doing their normal PAs (“yes”, “no”).
Height and weight were determined for each child using a
digital scale and a stadiometer. From this information, BMI
was calculated for each participant (kg/m2). BMI Z-score was
calculated from Centers for Disease Control and Prevention
growth chart data (National Center for Health Statistics, No
Date) using the Epi Info program (Version 3.5; Centers for
Disease Control and Prevention, Atlanta, GA, USA).
Objective PA data were collected using accelerometry
(Model GT1M; ActiGraph, Pensacola, FL, USA). Acceler-
ometers used in the present study have been shown to be
significantly correlated with activity related energy expendi-
ture in similar samples of youth (r ¼ 0.29e0.54).22 In thepresent study, accelerometers were set to collect data in 30-s
epochs and affixed to a belt and worn on the participant’s
right hip. Thirty-second epochs have been shown to capture
PA data in older children with acceptable validity23 while
maximizing battery life and memory capacity. Participants
were given accelerometers after completing the questionnaires
and were instructed to wear the monitor continuously over the
next 7 days except when playing contact sports, bathing,
swimming, or sleeping. Children were given a handout, which
included placement instructions, to take home to their parents,
and correct placement was demonstrated in a classroom
setting. Teachers were also requested to check the placement
of the monitors daily. Movement counts were converted using
count thresholds established by Evenson et al.,24 to determine
time spent in sedentary, light, moderate, and vigorous PA.
Data were reduced using MeterPlus Software (Santech, Inc.,
La Jolla, CA, USA). A day was considered “complete” and
included in analyses if the monitor was worn for a minimum
of 10 h. Thirty minutes of consecutive zeros was considered
indicative of non-wear time in concordance with the recom-
mendations of Sirard and Slater.25 MVPAwas calculated as the
sum of the time spent in moderate and vigorous activity. Total
PA was calculated as the sum of the time spent in light,
moderate, and vigorous activity. Children were included if
they had at least 4 valid days of available data. Of note, the
accelerometer monitoring period occurred in the week
following the one assessed by the self-report measure.2.3. Data analysesAll data were imported into STATA v12 (StataCorp, LP,
College Station, TX, USA) for cleaning, screening for
normality and analyses. Subjective MVPA and total PA were
normally distributed. Objective MVPA was slightly positively
skewed, but not to a degree to warrant transformation.
Following data screening, descriptive statistics were extracted
and Pearson correlations were generated. Since the dependent
variables were continuous and the independent variables
included a mixture of continuous and dichotomous variables,
two linear regression models were created for each dependent
variable (subjective MVPA, objective MVPA, and objective
total PA): the first model consisting of descriptive variables
(age, race, gender, and BMI Z-score), and the second model
comprised of descriptive variables plus four perception vari-
ables (sport competence, appearance, PA enjoyment, and PA
self-efficacy). Significance was set at p < 0.05.
3. Results
No differences were observed on any of the measured
variables between those who provided accelerometer data and
those who did not with the exception of enjoyment of PA,
which was higher in those without 4 valid days of acceler-
ometer data compared to those with less than 4 days of data
(4.28 vs. 4.16, p < 0.05). While the mean age was similar for
both boys (12.5  1.1) and girls (12.1  1.0), girls had a
slightly higher mean BMI (22.8  6.0) compared to boys
Table 2
Youth psychosocial variables in relation to total PA, objective, and subjective
MVPA.
Variable Objective
MVPA (r)a
Objective
total PA (r)a
Subjective
MVPA (r)b
Simple Partialc Simple Partialc Simple Partialc
Boy (n [ 101)
Sport
competence
0.069 0.064 0.026 0.016 0.180 0.164
Appearance 0.188 0.186 0.104 0.100 0.029 0.020
PA enjoyment 0.116 0.113 0.038 0.042 0.361** 0.357**
PA self-efficacy 0.002 0.005 0.112 0.126 0.317** 0.301**
Girl (n [ 131)
Sport
competence
0.109 0.090 0.069 0.072 0.285** 0.286**
Appearance 0.093 0.033 0.119 0.128 0.182* 0.185*
PA enjoyment 0.191* 0.180* 0.187* 0.189* 0.438** 0.438**
PA self-efficacy 0.134 0.118 0.012 0.010 0.490** 0.491**
a measured by accelerometer.
b measured by physical activity questionnaire for older children.
c partial correlation coefficients adjusted for BMI Z-score.
*p < 0.05; **p < 0.01.
Abbreviations: PA ¼ physical activity; MVPA ¼ moderate-to-vigorous
physical activity.
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cant. Accelerometry data showed that, on average, boys
participated in more daily minutes of MVPA than girls did
(40.1  19.1 vs. 22.9  12.8, p < 0.01). This was consistent
with the self-reported MVPA data, as boys reported being
more physically active than girls (3.0  0.6 vs. 2.8  0.6,
p < 0.01).
Perceived sport competence was slightly higher in boys
(3.0  0.6) than in girls (2.7  0.6). This same trend wasTable 3
Hierarchical regression models of objective MVPA, objective total PA, and subjec
Model Objective MVPAa Objective
b SE b b
Model 1c
Age (year) 0.454 0.984 0.027 5.292
Racec 2.446 2.274 0.062 17.770
Sexd 17.223** 2.111 0.476 27.228*
BMI Z-score 2.547* 1.049 0.141 1.955
Model 2d
Age (year) 0.230 0.993 0.014 4.429
Racee 1.836 2.287 0.047 14.122
Sexf 16.208** 2.186 0.448 22.749*
BMI Z-score 2.203* 1.063 0.122 1.138
Sport competence 0.393 1.987 0.013 3.060
Appearance 2.266 1.652 0.090 11.922
PA enjoyment 4.025 2.315 0.118 15.448
PA self-efficacy 0.447 1.421 0.020 10.468
a measured by accelerometer.
b measured by physical activity questionnaire for older children.
c for objective MVPA: r2 ¼ 0.248, F(4, 227) ¼ 18.74, p < 0.001; for objectiv
r2 ¼ 0.032, F(4, 227) ¼ 1.89, p ¼ 0.113.
d for objective MVPA: r2 ¼ 0.269, F(8, 223) ¼ 10.23, p < 0.001; for objectiv
r2 ¼ 0.270, F(8, 223) ¼ 10.33, p < 0.001.
e race 1 ¼ white, 0 ¼ other.
f sex 1 ¼ male, 0 ¼ female.
*p < 0.05; **p < 0.01; yp ¼ 0.06.
Abbreviations: BMI ¼ body mass index; MVPA ¼ moderate-to-vigorous physicalfound for appearance (boys (2.9  0.7); girls (2.8  0.7)) and
PA enjoyment (boys (4.3  0.5); girls (4.1  0.5)). PA self-
efficacy was the only self-perception variable that was
slightly higher in girls (3.5  0.8) than in boys (3.4  0.8).
These differences were only statistically significant for
perceived sport competence ( p < 0.01).
The associations between self-perception variables and
objective MVPA, objective total PA, and subjective MVPA are
shown in Table 2. When looking at subjective MVPA, PA
enjoyment (boys (r ¼ 0.361); girls (r ¼ 0.438)) and PA self-
efficacy (boys (r ¼ 0.317); girls (r ¼ 0.490)) were both
independently and significantly correlated with the self-
reported amount of MVPA in both boys and girls (all
p < 0.01). Subjective MVPA was also positively and signifi-
cantly correlated with appearance (r ¼ 0.182, p < 0.05) and
sport competence (r ¼ 0.285, p < 0.01) in girls, although the
magnitude of association was smaller. These relationships
were only slightly attenuated when adjusting for BMI Z-score.
For both objectively measured MVPA and total PA, only the
association between PA enjoyment (r ¼ 0.19 for each,
p < 0.05) was significant in girls. This relationship was
slightly attenuated when adjusting for BMI Z-score, but
remained significant.
Hierarchical regression models predicting objective and
subjective MVPA are shown in Table 3. The first model con-
tained only the descriptive variables as predictors explained
25%, 5%, and 3% of the variance in objective MVPA
( p < 0.01), objective total PA ( p < 0.05), and subjective
MVPA ( p ¼ 0.113), respectively. The second model contained
the descriptive and perception variables as predictors
explained 27%, 7%, and 27% of the variance in objectivetive MVPA in relation to perceptions in middle school youth.
total PAa Subjective MVPAb
SE b b SE b
4.542 0.077 0.012 0.040 0.020
10.493 0.110 0.025 0.091 0.018
* 9.743 0.184 0.208 0.085 0.162
4.839 0.026 0.040 0.042 0.062
4.587 0.064 0.034 0.035 0.057
10.566 0.088 0.026 0.081 0.019
10.101 0.153 0.131 0.077 0.102
4.909 0.015 0.005 0.038 0.008
9.178 0.026 0.135y 0.070 0.131
7.632 0.116 0.035 0.058 0.040
10.697 0.110 0.306** 0.082 0.254
6.566 0.116 0.221** 0.050 0.284
e total PA: r2 ¼ 0.047, F(4, 227) ¼ 2.78, p < 0.05; for subjective MVPA:
e total PA: r2 ¼ 0.071, F(8, 223) ¼ 2.12, p < 0.05; for subjective MVPA:
activity; PA ¼ physical activity.
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jective MVPA ( p < 0.01), respectively. For the full models,
only sex (MVPA and total PA) and BMI Z-score (MVPA) were
significant predictors. For subjective MVPA, PA enjoyment
and PA self-efficacy were both significant predictors
( p < 0.01), while sport competence approached significance
( p ¼ 0.06).
4. Discussion4.1. Differences in associations between objectively and
subjectively measured MVPAAs previous research on psychosocial correlates of PA has
relied heavily on self-report measures, this study highlights the
importance of providing comparative objectivemeasures.While
accelerometry data may offer a more accurate indication of
actual MVPA involvement, the objectively measured MVPA in
this study showed no significant, independent correlations with
any of the psychosocial variables were examined in the uni-
variate analyses in boys. Yet, when PA was measured subjec-
tively, each perceptual variable was significantly and positively
correlated withMVPA in girls, while PA enjoyment and PA self-
efficacy was significantly correlated with MVPA in boys. Since
psychosocial measures are subjective in nature, those who have
more positive perceptions may also perceive themselves as
being more physically active than they actually are. Research
has already indicated that children tend to overestimate their PA
levels,25 which may account for this difference.
When looking at regression models, the models that
included the four psychosocial variables as predictors of
objective MVPA/total PA indicated that none of them was a
significant predictor of either. These results were surprising as
PA enjoyment is often considered intrinsic motivation for PA
and is often reported as a correlate of PA in youth.3 The
models that used the psychosocial variables to predict sub-
jective MVPA did show that PA enjoyment and PA self-
efficacy were significant predictors. While not consistent
with the objectively measured PA models, the findings hold
promise for PA promotion activities since enjoyment is
potentially modifiable through intervention. For example,
Dishman et al.9 found that a school-based intervention
increased PA in high school youth and that this increase was
mediated by changes in enjoyment of PA. While MVPA was
measured using a well-validated self-report measure results
should be interpreted with caution in light of the present
findings. As suggested by both Dishman et al.9 and the results
of the current study, future research should employ objective
measures of PA, especially when seeking to identify mediators
of intervention effects in youth.4.2. LimitationsUnlike many previously published studies, this investiga-
tion incorporated well-validated objective and subjective
MVPA measures on the same children. However, while it
demonstrated several strengths such as this, the current studywas also not without its limitations. For one, the study was
cross-sectional in design, which does not permit causal con-
clusions. Selection bias is a possibility as the study sample was
based on geographical convenience. The sample size was also
smaller than desired to facilitate generalizability, although
similar studies have reported using similar sizes.12 A potential
Hawthorne effect (observational bias as a result of being
watched) may have also occurred, as students were pulled
from class in small groups to answer questionnaires. Ques-
tionnaires were completed the week before the accelerometers
were worn, and accelerometers could not be worn while
swimming, indicating potential measurement biases. This
study either did not examine an exhaustive list of psychosocial
variables that have been identified previously. While
measuring a more extensive list would be preferable (e.g.,
perceived social support, task goal orientation, perceived
accessibility, etc.), schools have a limited amount of available
time and further burdening the teachers and students would
have been detrimental to the study. Lastly, a convenience
sample of middle schools was used, with geographical dif-
ferences between groups. While the literature indicates that
children living in more rural environments are more physically
active,26 emerging research also suggests a geographical and
seasonal relationship in which urban children have been
shown to be significantly more active in the winter compared
to rural children, but significantly less active in the summer.27
Therefore, future studies should consider the impact of sea-
sons and the built environment (perceived and objective) in
regards to objective and subjective PA.
5. Conclusion
The current study contributes to the literature by highlighting
the importance of using well-validated objective and subjective
measures of MVPA on the same subjects, when investigating
their relationships with psychosocial variables among adoles-
cents. While many articles have previously stressed this need in
future research,28 few studies have actually done this. As such,
this research offers quantitative support for the continued
recommendation that future studies continue to apply both
measures of PA when studying its effects on psychosocial var-
iables, as the observed relationships do not appear to be
consistent from one PA assessment method to another. Addi-
tionally, future research should consider employing a composite
measure of PA that would allow for the unique contribution of
each.While beyond the scope of the present investigation, such a
composite variable would hypothetically capture the unique
variance of each method thus providing a better indicator of PA.
PA programs and interventions should also focus on making
activities enjoyable for youth as this has consistently been
shown to be correlated with both objective and subjective PA,
and in this case, the desirable outcome of MVPA.
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